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1.  Introduction 
Many studies have indicated that drivers’ route switching behavior could be influenced by 
the provision of real-time traffic information through Advanced Traveler Information 
Systems (ATIS) prior to their departure or while en route. With the provision of 
information to travelers, not only could travel time be reduced by driving on higher-service 
routes, but also the anxiety caused by recurrent and non-recurrent congestion could be 
reduced or mitigated. As a result, the quality of the transportation system could be greatly 
improved (Adler et al., 1999; Jou, 2001; Jou et al., 2004; Srinivasan and Krishnamurthy, 
2004). The traffic impacts due to incidents could also be significantly alleviated if relevant 
traffic information ahead of drivers is provided in real time. (Emmerink et al., 1995a, 
1996b; Al-Deek et al., 1998; Levinson, 2003). This may occur on freeway and tolled 
routes. The toll stations are evenly installed every 30 kilometers on the existing freeways, 
and travelers can enter and exit the freeways without being tolled. Electronic toll collection 
(ETC) is planned for introduction around 2010 as a way of eliminating local trips without 
being tolled, further adding to the performance of the network. The proposed toll regime 
under ETC (toll stations are installed at the entrances of freeways, i.e., entering ramps) will 
be charged on the exact distance traveled. Under these conditions drivers not only would 
consider travel times, but would take toll costs (calculated from ETC) into consideration 
when they choose routes on freeways, trading off routes on the basis of the generalized cost 
of travel. 
 
A number of relevant studies, ranging from laboratory controlled experiments to field 
observations, show that drivers’ route choice decisions could be heavily influenced by the 
provision of real-time traffic information. Gender and age, and travel time have been shown 
to be the significant variables that affect travelers’ route choices (Benson, 1996; Abdel-Aty, 
1997; Ramsay et al., 1997; Mahmassani and Jou, 1998; Chen et al., 1999; Hato, 1999; 
Mahmassani and Liu, 1999; Lai and Wong, 2000; Jou, 2001; Adler, 2001; Dia, 2002; 
Chatterjee, 2002; Srinivasan and Mahmassani, 2003; Jou et al., 2004; Jou et al.,2005). In 
addition, drivers also tend to be more sensitive to the perceived loss of delay (i.e., more 
prone to switch routes) in a situation where the actual delay is greater than the one shown 
on variable message signs (VMS) (Wardman, 1997). 
 
While most research on route choice behavior has applied the best-route mechanism (in 
terms of travel time, travel monetary cost, or generalized travel cost), the habitual-route 
mechanism, has also been shown to be another important and realistic rule that could 
capture the effects of accumulated experiences on route choice behavior (Chen et al., 2001; 
Bogers et al., 2005; Zhiyong and Karthil, 2005). It is believed that some travelers are likely 
to travel by their habitual routes rather than on routes with the maximum utility. It was also 
shown that more incentive is needed to alter travelers’ habitual behavior since it is an 
inertia formed by previous experiences (Bamberg and Schmidt, 2003; Hendrickx, Jager, 
Steg, 2003). 
 
The route choice behavior on freeways between Taipei and Taichung in Taiwan under real-
time traffic information provision is investigated in this study. Two types of route choice 
mechanisms (the best-route and habitual-route) are analyzed by using ordered probit 
models to identify the influencing effects on freeway travelers’ route choice behavior. 
Generalized cost saving (GCS) is specified non-linearly with a spline-like threshold 
inherent to travelers. The marginal (dis)utility thresholds in the ‘best’ and ‘habitual’ 
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behavior models are identified through a grid search assessed on overall goodness of fit. 
The findings from this study provide a better understanding of the effects of ATIS on 
drivers’ route choice behavior, and a useful reference when planning for the provision of 
real-time information for drivers in the presence of ETC. 
 
The paper is structured as follows. The modeling theory and framework will be presented 
in Section 2. The characteristics of the data will be discussed in Section 3, followed by a 
presentation of model estimation results. The last section concludes the paper and 
recommends future research directions. 
 
2.  Methodology 
An ordered probit model is used to investigate the effects of real time traffic information on 
freeway travelers’ route choice behavior. Two mechanisms that govern travelers’ route 
choice behavior, the best route and the habitual route, are defined with the incorporation of 
GCS thresholds. These two mechanisms are defined as follows:  
 
(1) the best route: the road with the least generalized cost in the vicinity of the study area 
(Fig. 1).  
 
(2) the habitual route: the road that the traveler had traveled on most frequently during the 
recent past. The habitual route of the respondent is identified from field surveys.  
The generalized cost for each route is calculated as: 
 
t t
k k kGC Tθ ψ= +  
 
Where θ  is the value of travel time savings (VTTS), set at NT$1.66/min (MOTC, 1996), 
t
kT  is the travel time in minutes, and 
t
kψ  is the ETC charges on route k  and time t . 
 
2.1  The best route model (B_model) 
 
We define crGC  as the generalized cost of the current route and brGC  as the generalized 
cost of the best route under real-time traffic information provision. The generalized cost 
saving based on the best route can then be defined as brGCS = crGC - brGC  (where crGC is 
greater than or equal to brGC ). The best route model can be defined as Eq. (1) in an ordered 
probit framework. 
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Where iy  represents the number of times that traveler i travels the best route from 
Taichung to Taipei in Taiwan, i.e., there are at most four occasions in which an individual 
can travel the best route (please refer to Fig. 1). The values of iy  are defined to vary from 0 
to 3 (0,1,2,3). For identification, 0 0μ = , hence, only 1μ  and 2μ  are estimated (Greene, 
2002). iZ  is a vector of socio-economic characteristics of traveler i; iX  is a vector of travel 
characteristics; 1α , 1β , 11γ , 12γ  are the parameters to be estimated; and iε  is the error term 
normally distributed as (0,1)N . 1GCS  and 2GCS  in Eq. (1) are defined as Eqs. (2) and (3). 
 
1
,  
0,
br br br brGCS threshold if GCS thresholdGCS
otherwise
− ≥⎧= ⎨⎩                   ( 2 ) 
 
2
,  
0,
br br br brthreshold GCS if GCS thresholdGCS
otherwise
− <⎧= ⎨⎩                   ( 3 ) 
 
where brthreshold  represents the threshold of a traveler’s brGCS  for the best route. 
Theoretically, the traveler would tend to choose the best route as his/her brGCS  increases, 
all other things being equal. In reality there exists one threshold of brGCS  for the traveler 
and they would be likely to choose the best route when their brGCS  is greater than this 
threshold; conversely, the traveler would tend to stay with their current route when 
the brGCS  is smaller than this threshold. There are many reasons for such a choice outcome, 
linked to transaction costs in searching to acquire information and comparing, perceptual 
differences and effort.  
 
2.2 The habitual route model 
 
An habitual route is defined as the route that the traveler travels most frequently in the 
recent past. hrGC  represents the generalized cost of the habitual route. The magnitude of the 
relationship between crGC  and hrGC is not positive, unlike the best route model. 
 
Two situations can be further defined: (A) crGC ≧ hrGC ; (B) crGC ＜ hrGC . These two 
situations are discussed as follows.  
 
(A) the habitual route model A (H_model_A): if the generalized cost of the current route is 
greater than the habitual route ( crGC ≧ hrGC ), then we define the generalized cost saving of 
the habitual route as hrGCS = crGC - hrGC . The habitual route model A can be defined as 
Eq. (4) in an ordered probit framework.  
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2 2 21 3 22 4i i iy Z X GCS GCSα β γ γ δ∗ = + + + +                              ( 4 ) 
 
where iZ  and iX  are defined as Eq. (1), 2α , 2β , 21γ , 22γ  are the parameters to be estimated 
and iδ  is the error term normally distributed as (0,1)N . 3GCS  and 4GCS  in Eq. (4) are 
defined as Eqs. (5) and (6). 
 
3
,  
0,
hr hr hr hrGCS threshold if GCS thresholdGCS
otherwise
− ≥⎧= ⎨⎩                   ( 5 ) 
 
4
,  
0,
hr hr hr hrthreshold GCS if GCS thresholdGCS
otherwise
− <⎧= ⎨⎩                   ( 6 ) 
 
where hrthreshold  represents the threshold of a traveler’s hrGCS  under the habitual route 
mechanism. Theoretically, the traveler would tend to choose the habitual route as his/her 
hrGCS  increases. Given that in reality there exists one threshold of hrGCS  for the traveler, 
they would likely choose the habitual route when hrGCS  is greater than this threshold, all 
other things being equal; but tend to stay on the current route when hrGCS  is smaller than 
this threshold, for the same reasons given above for the best model.  
 
(B) the habitual route model B (H_model_B): if the generalized cost of the habitual route is 
greater than the current route ( crGC ＜ hrGC ), then we define the generalized cost saving of 
the current route as crGCS = hrGC - crGC . The habitual route model B can be defined as 
Equation (7) in an ordered probit framework.   
 
3 3 31 5 32 6i i iy Z X GCS GCSα β γ γ η∗ = + + + +                              ( 7 ) 
 
where 3α , 3β , 31γ , 32γ  are parameters to be estimated and iη  is the error term normally 
distributed with (0,1)N . 5GCS  and 6GCS  in Eq. (7) are defined as Eqs. (8) and (9). 
 
5
,  
0,
cr cr cr crGCS threshold if GCS thresholdGCS
otherwise
− ≥⎧= ⎨⎩                   ( 8 ) 
 
6
,  
0,
cr cr cr crthreshold GCS if GCS thresholdGCS
otherwise
− <⎧= ⎨⎩                   ( 9 ) 
 
where crthreshold  represents the threshold of a traveler’s crGCS  on the current route. 
Theoretically, the traveler would tend to choose the current route when crGCS  increases. 
However in reality there exists one threshold of crGCS  with the traveler most likely to 
choose the current route when crGCS  is greater than this threshold, other other things held 
constant; and conversely, they would tend to stay on the habitual route when crGCS  is 
smaller than this threshold .  
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In all three models, the threshold is identified through a grid search method over a range 
from 0 to 60, selecting the best fit level based on overall goodness-of- fit and 
asymptotically efficient parameter estimate.  
 
2.3  Ordered probit models  
 
Eqs. (1), (4) and (7) can be modeled in an ordered probit form as Eqs. (10) - (13). 
( )'( 0)i ip y F X= = −β                                                (10) 
( ) ( ){ }' '1( 1)i i ip y F X F X= = − − −μ β β                               ( 1 1 ) 
( ) ( ){ }' '2 1( 2)i i ip y F X F X= = − − −μ β μ β                               ( 1 2 ) 
( ){ }'2( 3) 1i i ip y F X= = − −μ β                                          (13) 
 
Estimation results of ordered probit models provides estimates of the thresholds (μ ). A test 
can be performed to investigate the appropriateness of the ordered probit models specified 
herein. The thresholds (μ ) are assumed to be normally distributed with means, variances 
and covariances, estimated from the models. The difference of two consecutive stochastic 
variables (thresholds) 1j jμ μ −−  can be defined as follows. 
 
* * 2* 2* *
1 1 1 , 1( ,  2 )j j j j j j j jNμ μ μ μ σ σ σ− − − −− − − +   (14) 
 
where an asterisk denotes an estimated value, 2σ denotes a variance and ,j kσ denotes the 
covariance between jμ  and kμ . Using the approximation, the probability when the 
ordering is appropriate is 1( 0)j jP μ μ −− ≤ . The ordering in terms of thresholds (μ ) is 
appropriate if the probability is small. Otherwise, the applicability of ordered models can be 
questioned.  
 
3.  Data collection and analysis 
 
To evaluate the effectiveness of the model framework, stated preference data for route 
switching behavior in response to the provision of real-time traffic information of freeway 
travelers from Taichung to Taiwan was obtained. Socio-economic and trip characteristics 
collected in the survey, were augmented by hypothetical trip scenarios to identify travelers’ 
route choice behavior under real-time traffic information. The study area and survey 
methodology are presented in Section 3.1, followed by the stated preference experiment 
and analysis of survey data in Sections 3.2-3.5. 
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3.1  Study area and survey methodology 
 
In the study area, the freeways from Taichung to Taipei were segregated into four 
segments, as shown in Fig. 1. There are six decision points (Taichung area, A-E) where 
drivers have the opportunity to choose an alternative route. However, there are only four 
decision points (or switching points indicated in Figure 1) used in the experimental design. 
The numbers next to each route in Figure 1 represent the length in kilometers. There are 
two freeways, Freeway No.2 ( ) and Freeway No.4 ( ), connecting Freeway No.1 ( ) and 
Freeway No.3( ). 
 
The face to face (pencil and paper) interviews were conducted at freeway rest stations along 
the study area in a two-week period around the Chinese New Year holidays in 2004. The 
locations of interviews were distributed between Freeway No. 1 and Freeway No. 3. A total 
of 557 valid questionnaires were returned (in total 562 samples), a response rate of 99.11%. 
The interviewers explained the objective and the various questions to the respondents.  
 
 
 
Fig. 1 The study area and route switching points 
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3.2  The stated preference experiment 
 
There are four types of real time traffic information provided to the travelers in this study. 
They are: (1) qualitative information, (2) qualitative with guidance, (3) quantitative and (4) 
quantitative with guidance. In the experimental design, the total sample was divided into 
four groups, with each individual provided with four types of real traffic information at the 
switching points (as shown in Table 1). For example, the individuals in group one were 
provided qualitative information at switching point 1, qualitative with guidance 
information at switching point 2, quantitative information at switching point 3 and 
quantitative with guidance at switching point 4.  
 
Table 1:  Scenarios of real time traffic information provision at different 
switching points for different groups 
 
Switching points Group one Group two Group three Group four 
1 (Taichung area) Qualitative quantitative/ guidance 
quantitative 
information qualitative/ guidance 
2 (A and B) qualitative/ guidance Qualitative qualitative/ guidance quantitative 
3 (C) Quantitative qualitative/ guidance qualitative quantitative information 
4 (D and E) quantitative/ guidance Quantitative qualitative/ guidance qualitative 
 
In this experimental design, the individuals who had the same trips before are required to 
answer one questionnaire, and the sequential of types of information, provided at switching 
points, depends on which group they are randomly classified into (see Table 1 above, and 
an example of showcards in Appendix A). There are four attributes included in this 
experiment: the prediction error of traffic information, travel speed (time), travel cost and 
the guidance instruction, described as follows.  
 
 
1. Prediction error of travel time, measured as: 
 
Prediction error of travel time on route i 
travel time provided by VMS on route i-actual travel time on route i
actual travel time on route i
=
x100% 
There are six levels of this attribute, ＋30%, ＋20%, ＋10%, 0%, -10% and -20%. For 
example, 0% means there is no prediction error of VMS. It shall be noted that this attribute 
was only provided at switching points 2, 3, and 4 since we only provide the information 
after their travel on the previous route. 
 
2. Travel speed has three levels: high, medium and low. Table 2 shows the respective 
levels on different Freeways (for qualitative and quantitative information). The calculation 
of travel time converted from travel speed is described in Appendix B. 
 
3. Travel cost is measured by the actual distance traveled by each individual. The 
calculation of travel cost is described in Appendix C. 
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Table 2:  Levels of speeds on different Freeways ((qualitative and quantitative) 
 
Quantitative (KHP) 
Attribute levels qualitative Freeway 
No.1 
Freeway 
No.2 
Freeway 
No. 3 
Freeway 
No. 4 
high smooth 100 100 110 90 
medium normal 60 60 70 50 
low congested 30 30 40 20 
 
 
4. Guidance instruction has three levels: switch, recommend to switch and strongly 
recommend to switch. The main criterion to use for guidance is travel time, since travel 
distance lacks adequate variance. It also shall be noted that “switch” is provided when the 
levels of travel time of both routes are in the same category (such as low, low). 
“Recommend to switch” is provided when the levels of travel time of both routes are (high, 
medium) or (medium, low), and “strongly recommend to switch” is provided when the 
levels of travel time of both routes are (high, low).  
 
This design specification gives 6x32x1= 54 scenarios in addition to the scenarios in 
guidance instruction for both routes (current and alternative) at each switching point. We 
randomly select one scenario for the traveler according to the sequence of Table 1. 
 
3.3  Socio-economic characteristics 
 
Table 3 summarises the socio-economic profile of the respondents. Most are male (85%) 
and the majority (40%) are between 31 and 40 years, followed by those between 18 and 30 
(33%), with an average age of 35 years. 62% of the respondents are married. A large 
portion (27%) of the respondents are workmen (labourers) followed by commerce and 
service related industries (24% and 21%, respectively). The education level is mainly 
college and university (60%), followed by senior high school (31%). The average monthly 
personal income1 is mostly NT$ 40-60 thousand. Twenty percent of the respondents have a 
household income in the range NT$ 80-100 thousand, but most respondents are above NT$ 
100 thousand. The average number of cars per household is 1.7 vehicles, averaging 0.9 
vehicles per person, with an average household size of 4.5 persons. 
                                                 
1 1 US$ is approximately 34.97 NT$ 
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Table 3:  Descriptive profile of socioeconomic characteristics 
(percentages in parentheses) 
 
Male 471(85.2) Senior high 172(31.1) Gender 
Female 86(15.6) University 334(60.4) 
18-30 183(33.1) 
Education 
Graduate 51(9.2) 
31-40 223(40.3) Below 2 62(11.2) 
41-50 110(19.9) 2-4 185(33.5) 
51-60 36(6.5) 4-6 191(34.5) 
Age 
Above 60 5(0.9) 6-8 63(11.4) 
Married 346(62.6) 8-10 31(5.6) 
Government 
employee 67(12.1) 
Personal income 
(NT$ 10,000 
dollars per 
month) 
Above 10 25(4.5) 
Student 28(5.1) Below 2 3(0.5) 
Commerce 132(23.9) 2-4 30(5.4) 
Worker 151(27.3) 4-6 91(16.5) 
Service 118(21.3) 6-8 109(19.7) 
Others 61(11) 8-10 112(20.3) 
Occupation 
  
Household 
income 
(NT$ 10,000 
dollars per 
month) 
Above 10 212(38.3) 
Ave. household car 
ownership 1.7 
Ave. person car 
ownership 0.9 
Ave. household size 4.5 
Ave. members under 
18  0.9 
Samples 553(100) 
 
 
3.4  Travel characteristics 
 
Table 4 shows the trip characteristics of the sample. 42% of the trips were mainly work 
related (either commuting or traveling as part of work), and 34% of the trips were leisure. 
In an actual trip, most drivers (82%) obtained real-time traffic information through traffic 
condition broadcast, followed by Variable Message Signs (18%). The low use level of 
VMS may be due to real-time traffic information not being sufficiently effective in Taiwan, 
neither the information is accurate nor relevant to traffic conditions. 47% of the drivers 
occasionally acquire real-time traffic information themselves, including drivers who 
obtained the real-time traffic information by themselves, either before or during their trips. 
On average, drivers travel on the freeways (including No. 1-4) 6.04 times per month 
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Table 4:  Descriptions of travel characteristics of respondents on freeways 
 (we asked “usually” situation instead of a recent trip) (percentages in parentheses) 
 
Items Total 
Work-related 236(42.7) 
Return home 67(12.1) 
Leisure  190(34.4) 
Visiting friends or 
relatives 47(8.5) 
Shopping 8(1.4) 
Trip purpose 
Others 9(1.6) 
None 53(9.6) 
VMS 102(18.4) 
Radio 457(82.6) 
Internet 68(12.3) 
Telephone 25(4.5) 
Mobile phone 11(2) 
Ways you actually access real time traffic information 
 
Others 14(2.5) 
Never 54(9.8) 
Once in a while 259(46.8) 
Very frequent 123(22.2) 
Frequencies of accessing real time traffic information 
Every time 121(21.9) 
Average frequency of using freeways per month 6.04 
 
 
3.5  Route choice analysis (the experiment results) 
 
The routes chosen by each traveler before and after the provision of real time traffic 
information in the SP experiment are shown in Table 5, which shows that prior to the 
provision of real-time traffic information the majority of travelers habitually chose Freeway 
No. 1, whereas there was a significant shift of travelers to Freeway No. 3 (with the 
exception of Freeway No. 4) after the provision of real-time information. It shall be noted 
that “before” means a traveler’s habitual routes, and “after” means the routes that the 
traveler chooses after the provision of real time traffic information. Moreover, a more equal 
distribution of the traffic volumes on the two freeways was observed. Therefore this shows 
that effective real-time traffic information can enhance the efficiency of roads in the 
network and enhance the quality of transportation. It was also observed that, as travelers get 
closer to the end of their trip (segment 4), less route switching occurred. This indicates that 
the indifference bands for route switching enlarge as travelers get closer to their destination 
and where greater motivation (more savings in the generalized travel cost) is needed to 
induce route switching. This also shows that in the absence of traffic incidences it may be 
more effective to provide real-time traffic information on the first half of the route, as 
shown in Table 5. 
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Table 5:  Usage of each segment on two freeways before and after the provision of real time traffic 
information (percentages in parentheses) 
 
 Item Freeway No. 1 Freeway No. 3 
Before 402(72.7) 151 (27.3) 
After 217(39.2) 336(60.8) Segment 1 
Change (%) -185(-33.5) 185(33.5) 
Before 377(68.2) 176(31.8) 
After 248(44.8) 305(55.2) Segment 2 
Change (%) -129(-23.3) 129(23.3) 
Before 293(53) 260(47) 
After 266(48.1) 287(52) Segment 3 
Change (%) -27(-4.9) 27(4.9) 
Before 304(55) 249(45) 
After 299(54) 254(45.9) Segment 4 
Change (%) -5(0.9) 5(0.9) 
 
 
The chosen routes of travelers after the provision of real-time traffic information are shown 
in Table 6. The habitual route is defined as the most often used route taken by a traveler 
obtained from the survey. More than half of the travelers chose the best route. This shows 
that with traffic information, travelers tended to be willing to comply with the information. 
Fewer travelers switch to the best route while more stay on the habitual one on segment 4 
due to habitual preferences.  
 
 
Table 6:  Usage of the best and habitual routes after the provision of real time traffic information 
(percentages in parentheses) 
 
Mechanisms Segment 1 Segment 2 Segment 3 Segment 4 
Best route 413(74.6) 403(72.4) 413(74.7) 383(69.3) 
Habitual route 242(43.8) 271(49) 321(58) 341(61.2) 
 
The consistency of chosen routes and the best routes (the habitual routes) of travelers after 
the provision of real-time traffic information is summarized in Table 7. This consistency is 
defined as travel time of best (habitual) routes1 100%
travel time of chosen routes
⎛ ⎞− ×⎜ ⎟⎝ ⎠ , i.e., the chosen routes are more 
likely to be the best (habitual) routes as the consistency value reduces in magnitude.  The 
results indicate that under the best route mechanism, travelers are more likely to choose the 
best routes; while under the habitual route mechanism, travelers are more likely to stay on 
the habitual routes on segment 4 due to habitual preferences.  
 
Table 7:  Route travel time consistency after the provision of real time traffic information 
(percentages) 
 
Mechanisms Segment 1 Segment 2 Segment 3 Segment 4 
Best route 6 6 7 7 
Habitual route 46 40 26 24 
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4.  Model Estimation Results 
As described in Section 2, three models, the best route model (B_model), the habitual route 
model A (H_model_A), and the habitual route B (H_model_B), are estimated and the 
results are presented in the following subsections. 
 
4.1  The best route model (B_model) 
 
The estimation results of B_model are presented in Table 8. It can be shown that the models 
with thresholds in the range of 10-30 outperform other models in terms of log-likelihood 
values and t-statistics. The model with threshold 10 has the best goodness-of-fit 
( 2ρ =0.3824). The positive coefficients of variables in the Table imply the tendency of 
choosing the best routes. The estimation results suggest that male drivers are more likely to 
choose the best routes; and the higher the level of car ownership, the more likely she/he 
would stay on their current routes (not necessary the best routes), possibly because of a 
higher amount of travel experience delivering an acceptable level of service. However, 
when a household has more than 2 cars and the monthly income greater than 60 thousand 
NT dollars, the drivers are more likely to choose the best routes. This indicates that the 
effects of the value placed on time savings are greater than the travel experience, 
suggesting that the provision of real time traffic information would have a significant 
influence on travelers with higher values of time savings (for example, the trip purpose of 
commerce). 
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Table 8:  The estimation results of the best route model (B_model) 
(t statistics in parentheses) 
 
Thresholds 
Variables 10 20 30 40 50 
Constant 1.342(3.96) 1.282(1.24) 3.456(2.84) 1.778(4.53) 1.410(3.44) 
Gender 0.261(1.78) 0.237(1.61)  0.294(2.07) 0.302(2.13) 
Individual car ownership  -0.227(-2.03)  -0.231(-2.13) -0.225(-2.08) 
Individual car ownership>2 and 
monthly income>60 
thousands NT dollars  
 0.725(2.29) 0.479(1.68) 0.716(2.32) 0.695(2.26) 
Travel time ratio  2.260(2.59) 2.843(3.18)   
Travel time ratio (segment 1)  1.670(4.64) 1.732(4.86)   
Travel time ratio (segments 1+2) 0.578(1.93)   0.914(3.01) 0.871(2.83) 
Travel time ratio (segment 4)   -0.910(-2.36)   
Frequency of freeway usage per 
week >4 and very frequently 
access to real time traffic 
information 
-0.194(-1.39) -0.208(-1.50)    
Gain  0.016(1.34) 0.021(1.59) 0.024(1.92) 0.021(1.68) 
Loss   -0.013(-1.82) -0.010(-1.48) -0.011(-1.62) 
GCS1 0.091(2.99) 0.054(1.01) 0.119(2.10) 0.046(1.20) 0.097(2.08) 
GCS2 -2.791(-18.59) -1.186(-14.03) -0.799(-10.98) -0.671(-15.33) -0.588(15.38) 
1μ  2.188(23.43) 1.916(21.29) 1.541(18.11) 1.475(18.62) 1.487(19.15) 
2μ  3.572(33.35) 3.421(29.19) 3.277(28.88) 3.078(30.06) 3.039(31.10) 
Test on ( 2 1μ μ− ) P＜0.10 P＜0.10 P＜0.10 P＜0.10 P＜0.10 
LL(0) -703.154 -703.154 -703.154 -703.154 -703.154 
LL(β) -434.277 -450.583 -469.303 -495.242 -501.072 
2ρ  0.3824 0.3592 0.3326 0.2957 0.2874 
Observations 553 
 
 
For the travel characteristics, the higher the travel time ratio of the first 50% of the trip 
length, the more likely that drivers would choose the best routes. The travel time ratio is 
defined as the travel time on the current routes divided by the time on the best routes. This 
route preference is not the case in the final segment, which could be the result of travelers’ 
adherence to the habitual routes at the end of their journey (also refer to habitual route in 
Table 6). The evidence supports the provision of real time traffic information in the first 
half of a journey (please refer to Table 6).. On the other hand, the drivers with frequent 
freeway usage per week (i.e. >4 trips) and very frequent access to real time traffic 
information, are not likely to choose the best routes. That is, they are likely to stay on their 
preferred routes, partly through habit and partly because real time traffic information 
provided in Taiwan is currently not sufficient.  
 
The provision of real-time traffic information may reduce the anxiety due to uncertainty in 
traffic conditions. To test for this, the variables Gain and Loss are introduced to capture 
travelers’ perception of the accuracy of the real-time traffic information. When the real-
time traffic information is over-estimated on the best routes (the forecasted travel times 
longer than the actual travel times), travelers would have the feeling of “Gain” (the 
forecasted travel times-the actual travel times>0). Otherwise, travelers would have the 
feeling of “Loss” (the actual travel times-the forecasted travel times>0). The results show 
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that both attributes Gain and Loss have significant effects on route choice. The effect of 
“Gain” is more than “Loss”, which implies that on average travelers they are not willing to 
bear the loss due to underestimation, implying that they tend to be more risk-adverse. 
Therefore, they would tend to choose the best route to travel when the real-time traffic 
information is overestimated.  
 
4.2  The habitual route model A (H_model_A) 
 
The estimation results of H_model_A ( crGC ≧ hrGC ) are given in Table 9. It shall be noted 
that the positive coefficient implies the tendency of choosing the habitual routes. The 
models with thresholds in the range of 30-40 outperform other models in terms of log-
likelihood values and t-statistics ( 2ρ =0.3146~0.3665). The estimation results in Table 9 
indicate that married drivers are more likely to choose the habitual routes, possibly because 
of their life pattern is more routine even under the provision of real time traffic information. 
In addition, when is the number of cars per household is greater than 2 and the frequency of 
freeway usage per week is greater than 4 trips, the drivers are less likely to choose their 
habitual routes. This may appear in part to be due to their rich driving experiences and their 
familiarity with other alternative routes. 
 
The results of a positive coefficient on the travel time ratio show that the higher the travel 
time ratio, the more likely the drivers would choose the habitual routes. The travel time 
ratio is defined as the travel time on the current routes divided by the one on the habitual 
routes. However, the negative sign on the travel time ratio (segment 1) indicates that 
drivers have a higher tendency of staying away from their habitual routes in the beginning 
of their journey. Again, the results suggests that real time traffic information should be 
provided in the beginning of a journey (refer to the results shown in Table 6). 
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Table 9:  The estimation results of the habitual route model A (H_model_A) 
(t statistics in parentheses) 
 
Thresholds 
Variables 20 30 40 50 
Constant 1.424(2.64) 0.404(0.57) 0.460(0.66) 0.310(0.45) 
Martial status 0.531(2.58) 0.685(2.87) 0.567(2.42) 0.505(2.18) 
Individual car ownership>2 and 
frequency of freeway usage 
per week>4  
 -0.853(-1.38) -0.815(-1.34) -0.775(-1.28) 
Travel time ratio 1.235(2.02) 1.504(1.90) 1.284(1.73) 1.137(1.63) 
Travel time ratio (segment 1) -1.198(-4.34) -1.666(-3.78) -1.670(-3.82) -1.638(-3.82) 
Gain  0.032(1.30) 0.037(1.51) 0.038(1.61) 
Loss  -0.023(-1.48) -0.023(-1.50) -0.024(-1.56) 
GCS3  0.025(3.55) 0.282(3.85) 0.312(4.07) 
GCS4  -0.104(-8.77) -0.785(-8.17) -0.663(-7.78) 
1μ  0.957(8.69) 1.594(10.18) 1.562(10.34) 1.543(10.45) 
2μ  1.405(11.67) 2.382(13.50) 2.290(13.72) 2.238(13.87) 
Test on ( 2 1μ μ− ) P＜0.10 P＜0.10 P＜0.10 P＜0.10 
LL(0) -160.404 -160.404 -160.404 -160.404 
LL(β) -146.434 -101.619 -106.266 -109.939 
2ρ  0.0871 0.3665 0.3375 0.3146 
Observations 137 
 
 
The results also suggest that both attributes Gain and Loss are significant. Therefore, 
drivers would tend to choose the habitual routes to travel when the real-time traffic 
information is overestimated on habitual routes. GCS3 indicates that when GCS is greater 
than the thresholds, the drivers are more likely to choose the habitual routes. Otherwise, 
they would stay on the current routes or preferred routes. The threshold test results 
(P＜0.10) justify the application of ordered probit models. 
 
4.3  The habitual route model B (H_model_B) 
 
The estimation results of H_model_B ( crGC ＜ hrGC ) are listed in Table 10. The positive 
coefficients imply the tendency of choosing the current routes. The models with all 
thresholds are marginally statistically significant ( 2ρ is less than 0.2), and the one with 
threshold 50 is the best among all models. The larger threshold is probably due to the 
drivers’ inertia effects. That is, although the travel cost of habitual routes is higher, the 
drivers still prefer to stay on their habitual routes (not choose current route). The thresholds 
of habitual route models are higher than the ones of the best route models.  
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Table 10:  The estimation results of the habitual route model B (H_model_B) 
(t statistics in parentheses) 
 
Thresholds 
Variables 10 20 30 40 50 
Constant 0.822(1.72) 1.015(2.06) 1.294(2.53) 1.494(2.84) 1.703(3.13) 
Education level 0.228(2.49) 0.245(2.66) 0.271(2.93) 0.270(2.92) 0.263(2.85) 
Individual car 
ownership -0.256(-2.35) -0.243(-2.22) -0.233(-2.12) -0.239(-2.18) -0.245(-2.23) 
Frequency of freeway 
usage 0.179(2.39) 0.178(2.37) 0.186(2.47) 0.189(2.50) 0.188(2.48) 
Travel time ratio -1.638(-3.37) -1.579(-3.24) -1.624(-3.32) -1.618(-3.30) -1.633(-3.34) 
Travel time ratio 
(segment 1) 0.200(2.59) 0.192(2.48) 0.194(2.49) 0.199(2.56) 0.201(2.58) 
Travel time ratio 
(segments 3+4) -0.466(-3.11) -0.416(-2.75) -0.219(-1.35)   
Gain 0.025(1.75) 0.026(1.82) 0.026(1.84) 0.027(1.92) 0.029(2.01) 
GCS5 0.081(4.38) 0.072(3.88) 0.092(4.43) 0.084(4.00) 0.078(3.64) 
GCS6 -1.067(-3.48) -0.615(-5.33) -0.396(-5.73) -0.333(-6.66) -0.289(-7.19) 
1μ  1.439(20.33) 1.469(20.49) 1.485(20.44) 1.499(20.51) 1.505(20.54) 
2μ  2.451(25.58) 2.482(25.90) 2.512(25.93) 2.526(26.08) 2.533(26.15) 
Test on ( 2 1μ μ− ) P＜0.10 P＜0.10 P＜0.10 P＜0.10 P＜0.10 
LL(0) -517.795 -517.795 -517.795 -517.795 -517.795 
LL(β) -468.783 -463.351 -456.299 -454.314 -453.487 
2ρ  0.0947 0.1051 0.1188 0.1226 0.1242 
Observations 416 
 
 
The estimation results in Table 10 indicate that highly educated drivers are more likely to 
choose the current routes. Drivers in households with more cars have, the less likely they 
would stay on their current routes. The car ownership effect needs to be further 
investigated. The drivers with higher frequency of freeway usage per week are less likely to 
choose their habitual routes, possibly due to their rich driving experiences and their 
familiarity with other alternative routes.  
 
The results of a negative coefficient of travel time ratio show that the higher the travel time 
ratio (defined in Section 4.2), the more likely the drivers would choose the habitual routes. 
The results of the travel time ratio (segment 1) indicate the drivers are likely to stay on the 
current routes (instead of habitual routes) in the very beginning of their trips. However, 
segments 3 and 4 indicate that drivers tend to choose their habitual routes when 
approaching the end of the journey. 
 
The attribute Gain is significant so that the drivers would tend to choose the current routes 
to travel when the real-time traffic information on current routes is overestimated. When 
GCS is greater than the thresholds, the drivers are more likely to choose the current routes. 
Otherwise, they would stay on the habitual routes. The threshold test results (P＜0.10) 
justify the application of ordered probit models. 
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5. Conclusions  
 
This study investigated the route choice behavior on freeways between Taipei and 
Taichung in Taiwan under real-time traffic information provision. Two types of route 
choice mechanisms, the best-route and the habitual-route, were analyzed by using the 
ordered probit modeling framework. The thresholds of generalized cost savings (GCS) for 
different models were further determined in terms of the models’ goodness of fit. The 
estimation results from the models indicated that the thresholds were 10 for the best route 
model, and 30-50 for the habitual route models. The results confirm that the thresholds for 
changing the inertia behavior of drivers should be substantially larger than the ones for 
choosing the best routes. Moreover, the drivers were more likely to choose either the best 
or the habitual routes once the generalized cost savings were greater than threshold values. 
The results of the travel time ratio on segments one and two indicated that drivers had a 
higher tendency of staying away from either their best or habitual routes in the beginning of 
their journey, indicating a better time to provide real time traffic information is in the 
beginning of journey. Nevertheless, due to the inertia effects, drivers were adherent to their 
habitual routes in the end of their journey. Finally, Gain and Loss were two important 
perception variables inherent to drivers and would have different influences on route choice 
behavior. 
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Appendix A: An example set of showcards for the 
choice experiment 
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Appendix B: Calculation of travel time and travel cost 
 
(1) travel time: can be calculated by dividing the length of a specific route by the speed of 
that route. The lengths of routes are shown in Figure 1. The speeds of routes can be 
obtained by the following procedures: 
 
 
a. the speed limits of each Freeway (as shown in the following table); 
 
Freeways No. 1 No. 3 No. 2 No.4 
Speed limit (KPH) 100 100 and 110 100 90 
 
 
b. three speed levels were defined in this experiment (as shown in the following table). 
For the three levels of qualitative speed information, i.e., smooth, normal, and congested, 
we converted the qualitative speeds into numbers based on the individuals’ perceived 
speeds (provided by the individuals) with respect to the qualitative one (see Appendix C). 
Also, if the route including two freeways (such as, travel on Freeway No. 1 first, then 
switch to Freeway No.2), then the speed is calculated proportionally to the length of each 
Freeway. 
 
 
quantitative 
Attribute levels qualitative Freeway 
No.1 
Freeway 
No.2 
Freeway 
No. 3 
Freeway 
No. 4 
high smooth 100 100 110 90 
medium normal  60 60 70 50 
low congested 30 30 40 20 
 
 
(2) travel cost: the toll per km is 1.32 $NT 【MOTC, 2003】, therefore the travel cost can 
be obtained by multiplying the travel distance by this number.  
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Appendix C: Individuals’ perceived speeds with respect 
to the qualitative attribute 
 
 
(1.) please indicate your perceived speeds regarding the following three speed levels under 
the speed limits provided bellowed. 
 
 
Speed levels Freeways smooth normal congested 
Freeways No.1 & No.2 
(Speed limit 100KPH) KPH KPH KPH 
 
 
 
(2.) please indicate your perceived speeds regarding the following three speed levels under 
the speed limits provided bellowed. 
 
 
Speed levels Freeways smooth Normal congested 
Freeways No.3 
(Speed limit 110KPH) KPH KPH KPH 
 
 
 
(3.) please indicate your perceived speeds regarding the following three speed levels under 
the speed limits provided bellowed. 
 
 
Speed levels Freeways smooth Normal congested 
Freeways No.4 
(Speed limit 90KPH) KPH KPH KPH 
 
